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Objectives: The acoustic feature of vowels become different when they pass through the
vocal tract, and also differ depending on gender differences such as anatomical structures
and vocalization habits. Sound is perceived by the hearing organs through the outer ears,
and the characteristics of sound also become different by passing the outer ears, which act
as resonators, just as the vocal tracts do. Thus, this study aims to analyze the formant fre-
quency of the /a/, /i/, /u/, /e/, /o/ recorded in the external auditory canal (EAC) and to inves-
tigate gender differences. Methods: Ten female (mean age, 23+3.77 years) and 8 male
(mean age, 25+ 3.68 years) participated as speakers, and 1 male participated as a listener.
Two condenser microphones connected with a probe tube were used for sound recording.
Male and female voices were recorded, which were fixed probe tube at upper pinna and in
the EAC. After determining the F1, F2, F3, and F4, formant frequencies were analyzed through
descriptive statistics. Gender differences between upper pinna and EAC were examined
and analyzed using an independent sample t-test. Results: In terms of gender differences
in the upper pinna, female voices in F1, F2, F3, and F4 (p=.000) of /a/, F1 (p=.000), F3 (p=
.016), and F4 (p=.000) of /i/, F1 (p=.000) of /u/, F1 (p =.000), F3 (p =.000), and F4 (p=.000)
of /e/,and F1 (p=.015), F4 (p =.000) of /o/ were significantly higher than male voices. How-
ever, F2 (p=.013) of /u/, F2 (p=.000) and F3 (p =.000) of /o/ were significantly lower. On the
other hand, in the EAC, F1, F2, F3, and F4 (p =.000) of /a/, F1 (p=.005), F2 (p =.041), F3 (p=
.023), and F4 (p=.000) of /i/, F2, F3, and F4 (p =.000) of /e/ were significantly higher for fe-
male participants. Conclusion: With respect to the gender difference of voice in the upper
pinna, the female vowel space was observed to be spacious on the whole, affected by the
F1 and F2, F3 and F4 of rounded and unrounded vowel. In case of the voice in the ear ca-
nal, the difference between low and high vowels and the difference between F1 and F2 of
the front and the back vowels of the female participants became larger. F3 was higher in
rounded and unrounded vowels of female participants. F4 was higher in low, high, front
and the back vowels of female participants. In the ear canal, the vowel space of both gen-
ders showed conspicuous differences, and notably the vowel space of F3 and F4 was ob-
served independently without any overlapping.
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(Borden, Harris, & Raphael, 2000; Ferrand, 2007; Martin & Clark,
2016).
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Table 1. Formant frequency of female and male participants in the upper pinna and the ear canal (unit: Hz)

Formant Sound field (upper pinna) External ear canal
frequency Female (A) Male (B) A-B p-value Female (A) Male (B) AB p-value

t F1 812.33 (65.46) 581.93(91.58) 230.40 .000 949.24 (74.97) 697.22 (48.45) 252.02 .000
F2 1.345.77 (86.27) 1,063.88 (47.10) 281.36 .000 2,491.18 (240.25) 1.170.42 (93.66) 1,320.76 .000

F3 3,268.24(132.03) 2,869.60 (74.49) 389.64 .000 3,210.16 (168.04 2,865.18(157.58) 344.98 .000

Fa 4,400.20(109.29) 3,789.65(237.94) 610.55 .000 4,277.25(197.53) 3,735.83(225.94) 514.42 .000

F1 438.14(20.97) 282.38(32.77) 155.76 .000 34342 (32.22) 289.31(39.24) 54.11 .005

F2 2,266.87 (316.15) 2,070.91(207.61) 195.96 134 2,405.76 (455.18) 2,021.23(193.93) 384.53 041

F3 3,133.64(180.24) 2,940.94(99.41) 192.70 012 3,120.84 (249.03) 2,871.66 (138.76) 249.18 023

F4 4,131.07 (251.12) 3,614.55(150.59) 516.52 .000 3,914.46 (200.54) 3,496.35(153.76) 418.11 .000

s F1 453.22 (23.50) 316.53 (21.50) 136.69 .000 432.89(39.41) 378.30(89.60) 54.59 143
F2 922.88(90.85) 1,373.80(501.74) -450.92 039 1,533.21(267.16) 1,482.63 (583.50) 50.58 825

F3 2,567.38(156.39) 2,72253(279.19) -155.15 189 2,896.41(107.90) 2,738.96 (515.10) 157.45 422

F4 3,683.07 (183.36) 3,761.68(197.20) -78.61 395 3,976.72 (198.20) 3,679.25(432.11) 297.47 104

1l F1 648.03 (62.85) 47365 (42.34) 174.38 .000 520.63(88.30) 499.10(35.45) 21.53 495
F2 2,231.26(139.75) 2,009.35(136.07) 22191 .004 2,330.61(79.64) 1,856.76 (270.54) 473.85 001

F3 3,197.78(215.95) 2,766.18 (158.52) 431.60 .000 3,067.91(148.40) 2,609.10(121.54) 458.81 .000

F4 4,333.19(195.22) 3,772.86(221.52) 561.33 .000 3,976.58 (241.74) 3,534.15(145.41) 442.43 .000

+ F1 460.65 (28.55) 420.35(34.19) 40.30 015 465.77(27.12) 45588 (22.52) 9.89 420
F2 817.22(25.89) 1,627.92 (533.52) -810.70 .004 1,582.45 (647.54) 1,593.17 (741.34) -10.72 974

F3 2,651.64(195.49) 3,026.34(178.21) -374.70 .000 3,090.12 (208.06) 2,814.16 (515.41) 275.96 189

F4 3,638.88(228.79) 4,088.39(201.51) -449.51 .000 3,945.46 (299.84) 3,844.67 (464.04) 100.79 584
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Figure 1. Formant frequency change of voice in the upper pinna and the ear canal. (A) The F1 and F2 and (B) the F3 and F4 of the voice of both genders in the upper
pinna. (C) The F1 and F2 and (D) the F3 and F4 of that of both genders in the ear canal.
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9] Z}ol& =7 st} (Hwang, 2007; Hwang, Kim, Jeong, & Lee,
2007; Koo, 2005; Oh, 2012; Yoon & Kim, 2015).
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